The Local Climate and Energy Budget Differences between a Typical Architectural Complex and a Green Park in Beijing  by Cui, Y.P. et al.
Procedia Environmental Sciences 13 (2012) 1907 – 1921
1878-0296 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of Environment, Beijing Normal University.
doi:10.1016/j.proenv.2012.01.185
Available online at www.sciencedirect.com
 
 
Procedia 
Environmental 
Sciences 
Procedia Environmental Sciences  8 (2011) 1933–1947 
www.elsevier.com/locate/procedia 
 
 
The 18th Biennial Conference of International Society for Ecological Modelling 
The Local Climate and Energy Budget Differences between a 
Typical Architectural Complex and a Green Park in Beijing 
Y.P. Cuia,b, J.Y. Liua*, W.H. Kuanga, J.B. Wanga 
aInstitute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China 
bGraduateUniversity of ChineseAcademy of Sciences, Beijing 100049, China 
 
Abstract 
Understanding theimpact of urban underlying surfaces on the urban local climate is very important. The analysis on 
climatic characteristics of different urban landscape communities can play an important part in understanding the 
urban surface – atmosphere interaction, urban planning and landscape design. In this study, meteorology and 
radiation observation data of two typical urban landscape communities (a typical architectural complex and a green 
park) in Beijingwere used to analyze the climate differences and energy budget items differences with alocal-
scaleurban meteorological parameterization scheme (LUMPS). The results showed that: 1) Comparison with the 
green park, the architectural complexwas more hot-dry climatic conditions than the green park.The difference value 
of air temperature and relative humidity of the two communities were 0.30 ℃and 2.0% separately. 2) The changes of 
energy budget items could explain the change process of air temperature. The heat budget of different landscape 
communities existed differences, especially net radiation and latent heat flux, which displayed a marked difference. 
Therein, the annual mean net radiation and the latent heat flux of the green park were 14.33 W/m2and 14.56 W/m2 
higher than the architectural complex area, respectively. While the sensible heat flux of the green park was 2.9 W/m2 
lower than the architectural complex area. 3) The latent heat flux had close relationship with air temperature, and had 
a lag effect. The correlation coefficient between latent heat flux and temperature could reach 0.633 from the initial 
0.513 after about 2-hour delay. All these demonstrated the important effects of latent heat on temperature. 
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1. Introduction 
Urbanization is developing rapidlyall over the world. The environmental effects caused by urban 
sprawl, such as urban heat island (UHI), are attracting people’s attention gradually [ HHHHH1 HHHHH, HHHHH2 HHHHH]. UHI has 
become one of the most typical urban climates. The influence of urban sprawl surface on urban climate 
has been confirmed by many researchers too [ HHHHH3HHHHH]. The essence of UHI comes from the influence of 
underlying surfaces on energy, water vapor in atmosphere. To some extent,urban climatic field depend on 
landscape pattern combined by different underlying surfaces, which also has an effect on the process of 
air flow and characteristics of atmospheric environment. More and more researchers refer to the 
mechanism and application of urban climate characteristics, such as, urban atmospheric turbulence, 
thermal field, and the process of energy and water exchange, etc[ HHHHH4HHHHH]. 
It is now a well accepted fact that the rapid urbanization process generates an UHI. Even in inner 
urban, different underlying surfaces also form different climate features in a certain local regions. 
E.g.,Bonan et al. (2000) used satellite images to analyze the climate change in one residential community, 
finding that the building density was one of the direct factors to make the micro climate differences [ HHHHH5 HHHHH]. 
Huang et al. (2008) compared the UHI intensity and climate properties of commercial district, lake area, 
forestland, and suburban, finding that the cement surface had a significant influence 
onatmospherictemperature [ HHHHH6 HHHHH]. Besides, Giridharan et al. (2007) did some observation studies in Hong 
Kong etc[ HHHHH7 HHHHH, HHHHH8 HHHHH]. Take the Beijing as an example, many researchers used measured or simulation methods 
to analyze the urban energy balance and UHI [10, 11]. All these studies provided many beneficial 
references for further exploring the urban heat budget process. However, there is multi-scale problem in 
the UHI research. Mesoscale researches cannot subtly understand the heat budget difference caused by 
urban internal structure. While, there are some limitations in data process and applying with a building 
scale [ HHHHH9 HHHHH]. Also some works were done by moved observation equipments, the time and representative 
areas were difficult to determine, which limited the corresponding explanation on the energy and climate. 
In fact, energy footprint or source area theory has reminded us the distance range around a observation 
site plays a key role to the measured values in a long time-series study [ HHHHH10 HHHHH]. Especially in urban regions, 
interweaving distribution of different underlying surfaces makes the turbulent exchange frequently. So the 
source area is limited to a certain regions. There are hardly to find an enough homogeneity underlying 
surface regions in city. The energy observation is influenced by the observation blind area, weather 
conditions all the time, resulting in many problems such as energy balance un-closure, etc. Blad and 
Rosenberg (1974) pointed out that no enough fetch will lead to no enough observation representativeness. 
Therefore, the observed data are used directly to explain the corresponding underlying surfaces still faces 
some difficulties [ HHHHH11 HHHHH, HHHHH12 HHHHH]. 
Based on the above analysis, this study used the data corrected from two Beijing meteorological 
observation stations to analyze the climate and energy balance process with a local-scale urban 
meteorological parameterization scheme (LUMPS) [13, 14]. This study tries to answer the following two 
questions: 1) the climate and energy budget variations of the two typical urban landscape communities; 2) 
what is the corresponding relationship between energy balance items and temperature changes process? 
2. Data and Methods 
2.1. Study area and study data 
The study areas include two landscape communities in Beijing. One station is in the ResearchCenter 
for Eco-Environmental Science, CAS (RCEES) near the Northern Fifth-Ring Road, another locates in the 
Beijing Teaching Botanical Garden (BTBG) near the Southeastern Second-Ring Road. Therein, the 
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RCEES represents the typical architectural complex and the BTBG represents an urban typical green park 
(Fig.1). 
 
 
Fig.1. Two typical urban landscape communities in Beijing 
Observation data of 2010 used here include air temperature, precipitation, relative humidity, air 
pressure, wind speed, wind direction, and net radiation of the two weather stations. The ten minutes 
interval (initial observation frequency) was processed to one hour interval. Moreover, in order to reduce 
the effect of advection on local-scale energy flux, the data with wind speed more than 3.0 m/s were 
rejected. 
2.2. LUMPS introduction 
LUMPS, used here to analyze the urban energy balance [ HHHHH12HHHHH, HHHHH13HHHHH], , had been checked and applied in 
many cities all over the world. Recently, Grimmond et al. (2010) found that LUMPS could estimate urban 
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energy balance well through a global comparison project on modeling urban energy balance[ HHHHH14 HHHHH]. The 
urban energy balance can be express as following: 
 
(1) 
whereQ* is the all-wave net radiation, QH and QE is sensible heat flux density and latent heat flux density 
respectively, QS is the surface storage heat flux, and QA is the advection heat and moisture into/out of the 
area. Generally, the energy footprint or source area of heat flux distributes in the area of 104 -- 106 m2. 
The study area is limited in a small area, so the QA hardly impact on the heat flux in the local scale and 
can be ignore here [ HHHHH13 HHHHH]. 
2.2.1. The net radiation 
 
* (1 ) ( ) 0.08 (1 )aQ K L T K            (2) 
whereK is the incoming shortwave, L is the incoming longwave, αis the surface albedo,  is the 
emissivity, and Ta is the atmospheric temperature. Because the study focus on the energy expenses 
varieties and differences of different urban landscape communities, here the observationQ* be used to 
input the parameterization scheme directly.  
2.2.2. The Storage heat flux 
The storage heat flux in the scheme refer to the combined heat uptake and release from all substances 
(air, soil, biomass, and building materials) in the box. To capture the magnitude and diurnal hysteresis 
pattern of changes of the storage heat flux, the objective hysteresis model (OHM) is used [ HHHHH14HHHHH]: 
 
         (3) 
This requires knowledge of the local-scale net all-wave radiation, the fraction fi of each of the n surface 
types within the area of interest, and the corresponding three coefficientsα(1, 2, and 3). The fraction of 
each surface types was gained by the land use map of Beijing, and the three coefficientsα(1, 2, and 3) 
used is come from table one. 
Table 1.The storage heat coefficient of different underlying surface 
Storage heat coefficient a1i a2i a3i 
Vegetationsurface 
Forest 0.11 0.11 -12.30 
Lawn 0.32 0.54 -27.4 
Soil 0.38 0.56 -27.30 
Water 0.50 0.21 -39.1 
Roof Roof 0.24 0.43 -16.69 
Impervioussurface 
Concrete 0.83 0.21 -54.20 
Asphalt 0.61 0.41 -27.67 
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2.2.3. Sensible and latent heat flux 
Based on the energy balance theory, the sensible and latent heat flux can be considered as the rest of 
the energy income. So here we just need to separate the sensible and latent heat flux. Referenced the 
Penman-Monteith formula, the revision expression is:  
               (4) 
wheresis the slope vapour pressure curve,  is the psychrometric constant (Pa K-1), which can be calculate 
by Penman-Monteith related formulas. and are empirical parameters. These parameters are based on a 
simplification of the Penman-Monteith approach, which takes into account the Priestley-Taylor 
coefficient  for extensive wet surfaces but extends it to include no saturated areas. depends on the 
surface moisture status, whereas accounts for the uncorrelated portion of available energy[ HHHHH15 HHHHH]. , , 
s,and  can be calculated as following:  
      (5) 
             (6) 
                (7) 
wherePis the air pressure (kPa), CPis the specific heat capacity at the constant pressure (KJ/(kg.℃), ’ is 
the ratio of molecular weight of water to dry air (equal to 0.622). 
2.2.4. Vegetation phenology 
The LUMPS includes a vegetation phenology model, which is parameterized from a combination of 
growth and decay functions ad shown in Eq. (8). Through the sub model, the seasonal change can be 
express in the LUMPS. 
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wheredoyis the days of year, s and f present the time of leaf-on and leaf-off (onset and offset of the 
vegetation growing season) respectively, d is the median point of the spring (fall) period, k is the slope of 
the growth (decay) curves, and the V0characterize the transition window coefficient width.  
3. Results and analysis 
3.1. Temperature and humidity of RCEES and BTBG 
Comparison with RCEES, BTBG had a lower air temperature and higher relative humidity. Generally, 
the temperature of BTBG which is near the Beijing urban centre will be more than the RCEES located in 
the Fifth-Ring Road since the urban heat island and latitude diversity, but the fact was not the case. The 
distance of the two urban landscape communities is 16.4 km, belonging to the same climatological 
background field of a city. We can see from the Fig.2a and table 2 that the temperatures of RCEES and 
BTBG were 13.3 and 13.0 ℃ respectively. The mean D-value of the every month were all lee than 1.0 ℃. 
Therein, the maximum deviation of 0.96 ℃ between the two communities appeared in the November. 
The Fig.2c and 2e showed the air temperature change process hour by hour of one week in winter and 
summer. We could find that there are no significant differences between the two. 
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f)  
Fig.2.The differences in temperature and humidity of the two urban landscape communities(D-value = difference value = RCEES – 
BTBG) 
As far as the relative humidity difference was concerned, the values of RCEES and BTBG were 50.3% 
and 48.3%, respectively. With respect to the month differences, the mean values of RCEES were all less 
than the mean values of BTBG in every month of 2010. The intra-daily differences between the two were 
shown in the Fig.2d (winter) and 2f (summer). We could see from the two weeks change curves that the 
relative humidity of BTBG was even less than the RCEES in some of nighttime periods in the winter. 
This status might be the effect of low temperature in the corresponding periods (Fig.2c). Then vegetation 
wither and water freeze. There almost were no evapotranspiration differences between the two landscape 
communities in winter. 
Table 2.The mean value of climate and energy budget items of the two landscape communities 
 
 Air temperature Relative humidity Net radiation Sensible heat flux Latent heat flux Storage heat flux 
RCEES 13.30 48.28 35.77 34.15 14.61 -8.46 
BTBG 13.00 50.28 50.09 31.25 29.26 -7.84 
D-value 0.30 -2.0 -14.33 2.9 -14.65 -0.61 
3.2. The energy balance of the two communities 
3.2.1. The net radiation difference 
The difference types of underlying surfaced of the two communities were the major factors for 
affecting the net radiation. The albedo, emissivity and net radiation of different underlying surfaces 
played important roles on temperature. Form the observed results we could find that there are large net 
radiation difference between the RCEES and BTBG (Fig.3). The annual mean values of net radiation 
were 50.1 and 35.8 W/m2; the D-value reached 14.3 W/m2. With respect to the monthly values, the less 
difference of net radiation appeared in winter, the mean value is 1.5 W/m2. While, the more difference of 
net radiation appeared in summer, with a mean D-value of 26.9 W/m2. Among them, the maximum 
occurred in May. Comparison with RCEES, BTBG had a less value of 30.5 W/m2. Fig.3b and 3c showed 
the intra-daily differences in winter and summer respectively. Therein, the fluctuation range of daytime 
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and nighttime of RCEES was more than BTBG. As a whole, the net radiation, namely the energy income 
of RCEES was less than BTBG. 
a)  
b)  
c)  
Fig.3.The differences in net radiation of the two landscape communities (D-value = RCEES – BTBG) 
3.2.2. Surface storage heat flux 
Because of diverse heat conduction and thermal inertia, there was significant difference in storage heat 
flux among different underlying surfaces. The types of underlying surfaces between RCEES and BTBG 
were difference. The former community was encircled by urban architectural complexes, while the latter 
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mainly represented the urban central park. So, the surface storage heat flux between RCEES and BTBG 
must be difference (Eq. 3). Here we just need to quantify the differences and their intensity. 
Fig.4a showed the monthly mean values and D-values. We could find that the intra-annual QS change 
curve between RCEES and BTBG was similar with net radiation curves, showing that the lower 
difference value (D-value) appeared in summer and higher (D-value) appeared in winter. From the Fig.4b 
and 4c, we could find that the fluctuation rage of QSof RCEES was more than BTBG in winter. But on the 
whole, the mean annual values of QS in the two communities were all small. The QSannual mean values in 
RCEES and BTBG were -8.46 and -7.84 W/m2. The difference was small too, with the absolute D-value 
of 0.61 W/m2.  
a)  
b)  
c)  
Fig.4.The differences in surface heat flux of the two landscape communities(D-value = RCEES – BTBG) 
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3.2.3. Sensible and latent heat flux 
Sensible heat flux can heat the air temperature directly, while latent heat flux plays an important role 
on air temperature and humidity though the phase transition. The analysis on the change process of 
sensible and latent heat flux is very necessary to understand the temperature, humidity and other climatic 
change. With regard to the annual mean value of sensible heat flux, RCEES was 34.15 W/m2, higher than 
the BTBG of 31.25 W/m2. While the latent heat flux had the opposite situation. The latent heat flux of 
RCEES had lower value than BTBG, with the D-value of 14.65 W/m2 (Table 2), which value was close to 
the D-value of net radiation. The difference of latent heat flux come from net radiation, the difference of 
net radiation is related to underlying surface directly. And, latent heat flux itself was obviously influenced 
by the types of underlying surfaces, such as, vegetation cover, impervious surface etc. Therefore, to some 
extent, the difference of energy budget is due to the results of different types of urban underlying surfaces 
finally.  
Fig.5 showed the comparison curve chart between sensible heat and latent heat flux of the two 
landscape communities. We could see from Fig.5a that the month of appearing maximum of the RCEES 
or BTBG was different. Therein, the highest value (51.2 W/m2) of sensible heat flux appeared in June or 
July in RCEES. While, the highest value (53.7 W/m2) of sensible heat flux appeared in April in BTBG. 
The value range of sensible heat flux had dramatic changesat daytime and nighttime (Fig.5c and 5e).  
There were similar change curve between RCEES and BTBG from the point of view latent heat flux. 
The highest values all appeared in June, and the lowest values appeared in December (RCEES) or January 
(BTBG). But the D-value between RCEES and BTBG had significant different, reaching 31.5 W/m2 in 
July(Fig.5b). Fig.5d and 5f showed the intra-daily changes of one week segment in winter and summer. 
Therein, RCEES had bigger value of latent heat flux than BTBG in winter, though both of them were 
very small. While, because the BTBG had more water and vegetation cover areas, it had very bigger 
value of latent heat flux than RCEES in summer. Though the measured relative humidity showed the 
annual mean D-value between RCEES and BTBG was not big (Fig.2b), we still could explain the 
inherent reasons, namely, the evapotranspiration which was caused mainly by impervious surface areas 
(Fig.5b).  
 
a)  
0.0
10.0
20.0
30.0
40.0
50.0
60.0
1 2 3 4 5 6 7 8 9 10 11 12
Time (month)
Se
ns
ib
le
 fl
ux
 (W
/m
2)
-15.0
-10.0
-5.0
0.0
5.0
10.0
15.0
Se
ns
ib
le
 fl
ux
 (W
/m
2)
Qh_RCEES
Qh_BTBG
Qh_D-value
1918  Y.P. Cui et al. / Procedia Environmental Sciences 13 (2012) 1907 – 19211944 Y.P. Cui et al./ Procedia Environmental Sciences 8 (2011) 1933–1947 
 
b)  
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e)  
 
f)  
Fig.5. The comparison between sensible heat and latent heat flux of RCEES and BTBG(D-value = RCEES – BTBG) 
4. Discussions 
Because we cannot use some measured data to check our estimating results in the same time period so 
far, here we compare our results with related studies’ results. With regard to the different landscape 
communities, the temperature or humidity variations may be not significant, especially when their 
distance is short. Namely, there may be no enough data difference to explain or understand the UHI effect 
within a city. Our results are  similar to other’s[ HHHHH6 HHHHH, HHHHH7 HHHHH], According to Oke et al. (1982), UHI effect is the 
result of energy budget difference between urban and suburb [13]. Therefore, in order to understand the 
temperature difference that exists in urban landscapes, the analysis on energy balance process is necessary 
to further discuss the UHI’s reasons and mechanism. 
Table 3.The correlation coefficient between temperature and energy budget items 
Urban community Net radiation Sensible heat flux Latent heat flux Storage heat flux 
RCEES 0.290 0.271 0.425 0.205 
BTBG 0.419 0.279 0.600 0.348 
Mean 0.355 0.275 0.513 0.277 
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Table 3 showed the correlation coefficient between energy budget items and temperature. We could 
find that there is a certain relationship between the temperature and energy balance, which also accord 
with the others study conclusions [ HHHHH12 HHHHH]. Therein, the correlation coefficients in RCEES were all higher 
than BTBG. The correlation coefficients (mean value = 0.513) between latent heat flux and air 
temperature change process were higher in both RCEES and BTBG than the other energy budget items. 
Generally, sensible heat flux can more directly affect the air temperature. But our results did not conflict 
with the conventional understanding. As far as the change process of energy items is concerned, the 
change process of latent heat flux may explain the change of air temperature better. 
Table 4.The delay effect of Latent heat flux acting on air temperature 
Urban community 0-hour delay 1-hour delay 2-hour delay 3-hour delay 4-hour delay 
RCEES 0.425 0.522 0.577 0.593 0.573 
BTBG 0.600 0.672 0.689 0.660 0.593 
Mean 0.513 0.597 0.633 0.627 0.583 
As one of the most important components of energy balance, latent heat flux affect atmospheric 
environment by phase change. There was a certain lag effect when they play a role to the air temperature 
and humidity. In this study, we analyzed the lag effect by hour-interval data. From table 4 we could find 
that the lag effect of latent heat flux existed in both RCEES and BTBG. Therein, the highest correlation 
coefficient (0.593) appeared after 3 hour in RCEES, more than the initial value of 0.425. While, the 
correlation coefficient between air temperature and latent heat flux in BTBG was from 0.600 to 0.689 
after a 2-hour delay. There are some differences between RCEES and BTBG, this reason may be that, 
comparison with the RCEES, BTBG had more vegetation cover areas and its evapotranspiration was 
more close to the natural conditions. So the water phase change could occur more easily and quickly to 
impact atmospheric temperature. But we should see that the relationship between energy balance item and 
air temperature may exist significant differences in arid season and wet season. Therefore, some study 
still need to do in further.  
5. Conclusions 
UHI is the result of both humid activity and climate condition. Especially, the underlying surfaces 
changes caused by urban sprawl play an important role in UHI effect. The most important factor on air 
temperature change process is the energy budget items. Based on the analysis on temperature, humidity 
etc. in both RCEES and BTBG, the study estimated the heat budget process with LUMPS. Through the 
above analysis, we obtained the following conclusions:  
1) The temperature and humidity conditions were different between different landscape communities 
within urban. Relative to the urban green park, there was higher temperature but lower humidity in 
architectural complex area. The mean temperature of RCEES was higher (0.30 ℃) than BTBG, while its 
relative humidity was lower (2.0%) than BTBG. 
2) There were significant differences in heat budget in different landscape communities. The 
net radiation and the latent heat fluxes in BTBG were higher than the RCEES. Theannualmean D-values 
of net radiation, latent heat flux between RCEES and BTBG were 14.33 and 14.56 W/m2 respectively. 
While, the D-value of sensible heat flux was smaller (2.9 W/m2), showing the smaller difference in air 
temperature between the two urban communities.  
3) The relationship between the latent heat flux and air temperature was close and a lag effect. The 
change processes between the air temperature and energy balance items had consistency. Among them, 
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the effect of latent heat flux on air temperature in the energy balance items was the largest. The average 
correlation coefficient between latent heat flux and air temperature was 0.513, reaching 0.633 after 2-hour 
delay.  
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